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$\varphi$ ( ) $\pi$ $\pi \mathcal{O}=J(\mathcal{O})$ ,
$\bullet$ $k=\mathcal{O}/\pi \mathcal{O}$ $P$ .
$R$ $\mathcal{O}$ $k$ . $RG$
$R$ ( ) $RG$-
. , [NT] .
$kG$ $M$ , $M$ $OG$ $P_{M}$
, $Z_{M}$ $M$ Heller :
$0arrow Z_{M}arrow P_{M}arrow Marrow 0$ ( ).
$P_{M}$ $\mathcal{O}G$- , $\mathcal{O}$- $Z_{M}$ OG\tilde .
, kG- $k_{G}$ . kG- $k_{G}$ , $k$ $G$ (
) ( ) kG- ($x\in k,$ $g\in G$
$xg=x)$ . $G$ , $OG$ , $OG$ $\mathcal{O}G-$
, $\mathcal{O}Garrow k_{G}arrow 0$ $k_{G}$ ( $\mathcal{O}G$ )
. $\mathcal{O}G$ Jacobson Rad$(OG)= \pi OG+\sum_{g\in G}O(g-1)$
, Rad $(\mathcal{O}G)$ $k_{G}$ HelIer :
$0arrow Rad(\mathcal{O}G)arrow OGarrow k_{G}arrow 0$ .
$G$ $O$ $\mathcal{O}G$ Rad $(\mathcal{O}G)$ .
$G$ $P$- ,
Rad$(\mathcal{O}G)$ $\Leftrightarrow|G|=p$ $\varphi(p)=1$ .
$|G|=p$ $\varphi(p)=1$ , $\mathcal{O}G$- Rad$(OG) \cong \mathcal{O}_{G}\oplus\sum_{g\in G}O(g-1)$
. $\mathcal{O}_{G}$ OG- $\sum_{g\in G}\mathcal{O}(g-1)$ $\mathcal{O}G$ .
, ( $kG$- ) Heller .
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$G$ $R$ $RG$
$RG=B_{1}\oplus\cdots\oplus B_{n}$
, $B_{i}$ $RG$ . $RG$ $M$ ,
, ( ) $B_{i}$ , $M$ $B$
. , $RG$ $B$ ,
$B$ .
.
, $OG$ $P$ Rad$(P)$ $P/Rad(P)$
$kG$- :
$0arrow Rad(P)arrow Parrow P/Rad(P)arrow 0$ .
, Rad$(P)$ $kG$- $He\mathbb{I}er$ . .
([Wi2, Proposition 1], [Kl, Proposition 3]) $OG$ $B$
. , $B$ $\mathcal{O}G$- .
, Heller , $(\#)$
.
$(\#)(K, O, k)>(K’, \mathcal{O}’, k’)$ p-
$k’=k=\overline{k}$ ,
$\pi’\in\pi^{3}\mathcal{O}$ ( $\varphi$ $\varphi’$ 3 ) .
$(\#)$ Heller .
1( $[K3$ , Theorem 2.9]) $(K, \mathcal{O}, k)$ $(\#)$
. , $kG$- Heller $\mathcal{O}G$- .
2 Heller .
$M,$ $N$ $kG$- , $Z_{M},$ $Z_{N}$ $M,$ $N$ Heller .
? $(K, \mathcal{O}, k)$ $(\#)$ , $M\cong N\Leftrightarrow Z_{M}\cong Z_{N}$ .
$\Rightarrow$ ;Schanuel . $\Leftarrow;A(Z_{M}),$ $A(Z_{M})$ $Z_{M},$ $Z_{N}$
“almost split ” , mod $(\pi)$ $kG$-
$M,$ $N$ almost split [$K3$ , Theorem 4.4] , almost split
.
$kG$- OG-Heller . Heller
Auslander-Reiten quiver .
71
$RG$ $B$ Auslander-Reiten quiver $\Gamma(B)$ , ,
$RG$- $M$ $[M]$ , , $RG$- $M$ $N$ “
” , $[M]arrow[N]$
.
$f$ : $Marrow N$ , $f=gh$ $g$ $h$
. Audander-Reiten
[ARSI, [B] .
$(R=k)$ , Auslander-Reiten quiver $\Gamma(B)$
K. Erdmann .
$(Erdmann[E3])$ $k$ $kG$ $B$ “wild ’
, $B$ Auslander-Reiten quiver $\Gamma(B)$ tree class $A_{\infty}$ .
$B$ wild , , $B$ RG-
( )
.
, tree class $A_{\infty}$ :–$\cdots$–$\cdots$ $\cdots$ ,
$ZA_{\infty}$ ( ) tube $ZA_{\infty}/\langle\tau^{m}\rangle$ .
$\bullet\backslash _{\bullet}\nearrow\backslash \nearrow\searrow\nearrow\backslash \nearrow\searrow\nearrow\backslash _{\bullet}\nearrow\backslash _{\bullet}\nearrow\backslash _{\bullet}\nearrow\backslash \backslash _{\bullet}\nearrow\backslash _{\bullet}\nearrow\backslash _{\bullet}\nearrow\backslash _{\bullet}\nearrow\bullet\bullet\bullet$
$k$ $kG$ , ‘ ” , 2 , 2 ,
4 2 wild . (
$G$ ,
. $\mathbb{N}^{T]}$ .)
, 2 2 4 2 “tame
” , K. Erdmann [E1] .
, $OG$ E. Dieterich [D3], ,
$G$ $OG$ :
$\circ G=C_{2},$ $\circ G=C_{3}$ $\varphi(3)\leq 3,$ $\circ G=C_{p}$ $\varphi(p)\leq 2,$ $\circ G=C_{p^{2}}$ $\varphi(p)=1$ .
( $C_{n}$ $n$ )
, $OG$ wild [D1] :
$\circ\varphi(p)\geq 1$ $G$ $C_{p},$ $C_{p^{2}},$ $C_{2}\cross C_{2},$ $C_{8}$ ,
$\circ\varphi(p)\geq 2$ $G$ $C_{8},$ $C_{2}\cross C_{2},$ $C_{p^{2}}(p\geq 3)$ ,
$\circ\varphi(p)\geq 3$ $G$ $C_{4},$ $C_{p}(p\geq 5)$ ,
$\circ\varphi(p)\geq 5$ $G=C_{3}$ .
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, $OG$ , Audander-Reiten quiver
E. Dieterich[D2] A. Wiedemann[Wil, Wi3]
.
wild , Auslander-Reiten quiver
. , $P$- .
$G$ . $p=2$ $G$ Klein 4 $C_{2}\cross C_{2}$
$\varphi(2)\geq 2$ . ( $OG$ wild [D3].)
(1) $([n\sigma])$ $OG$ Audander-Reiten quiver $\mathcal{O}G$- $O_{G}$
tree class $A_{\infty}$ .
(2) ([K2]) $OG$ Auslander-Reiten quiver $\mathcal{O}G$- $\mathcal{O}G$
tree class $A_{\infty}$ .
, $p=2$ $G$ Klein 4 $\varphi(2)=1$ , $\mathcal{O}G$ tame
, $\mathcal{O}G$- $O_{G}$ $\mathcal{O}G$- $\mathcal{O}G$ ,
tree class $\tilde{D}_{4}$ [D2, Proposition 3.41.
, Heller $\mathcal{O}G$- .
[K4] .
2 p- $(K, O, k)$ $(\#)$ , $OG$ $B$
. $Z_{M}$ $kG$- $M$ Heller , $\Theta$ $B$ Auslander-




$ZA_{\infty}$ , K. Erdmann .
$(Erdmann[E2])$ $kG$ $B$ wild , $B$ Auslander-
Reiten quiver $ZA_{\infty}$ .
. , $OG$ $B$
Klein 4 , $kG$ $B/\pi B$ (
) $kG$- , $\Omega$- ( $\Omega$
Heller ). , $B$ Heller OG-
$\Omega$- . AuSlander-Reiten trandation
$\Omega$ .
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1([K4, Corollary]) p- $(K, O, k)$ $(\#)$ , $OG$
$B$ Klein 4 , $B$ Audander-Reiten quiver
$ZA_{\infty}$ .
, P.J. Webb , tree class
. ,
(Webb[We]) $RG$ $B$ . $k$
. , $B$ Audander-Reiten quiver tree class
$A_{\infty},$ $D_{\infty},$ $A_{\infty}^{\infty}$ Euclidean .
, K. Erdmann ($k$ )
, $kG$ wild Auddander-Reiten quiver tree
class $A_{\infty}$ . $\mathcal{O}G$ , Euclidean
.
2( $[K4$ , Corollary 5.6]) p. ($K,$ $O$ , $(\#)$ ,
$OG$ $B$ Ausl ander-Reiten quiver $\Theta$ tree class
$A_{\infty},$ $D_{\infty},$ $A_{\infty}^{\infty}$ .
$\Theta$ $\mathcal{O}G$- [We, Theorem $A$] . $\Theta$
$\mathcal{O}G$- $P$ Rad$(P)$ $\Theta$ ( Rad$(P)arrow P$
), 2 $\Theta$ tree class $A_{\infty}$ .
, Auddander-Reiten quiver
. , $kG$ wild
$kG$- , $ZA_{\infty}$ [KMU,
Secti on 4].
, p- $(K, O, k)$ $(\#)$ ,
$\mathcal{O}G$ wild $\mathcal{O}G$- (Heller
2 ) $ZA_{\infty}$ tube . , ?
($K,$ $O$ , $(\#)$ , $ZA_{\infty}$
. $G=C_{p}\cross C_{p}$ ($p$ ) $\varphi(p)=1$ $O_{G}$ Rad$(OG)$
( $ZA_{\infty}$ ) , $O_{G}$ , Rad$(\mathcal{O}G)$
2 . ( $0_{c}$ almost split Rad $(\mathcal{O}G)$
[$K2,$ $Pro$position 3.6, Remark 2.4].)
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